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Abstract 


Imagine if you could experience a newly designed product before building it. That is precisely what over 40,000 
ANSYS customers do using advanced physics-based simulation. Engineered products from smart phones to 
industrial automation to autonomous vehicles are being experienced on the computer. 


In this presentation, Dr. Williams will show how great products are designed by engineers using advanced 
physics-based simulation, and how that technology has allowed individuals and companies to create disruptive 
products. The next great innovations come not only from highly-financed corporations but also from two 
energetic engineers in a garage. Industry examples will be highlighted. 
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Products are Increasingly Complex 
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Advanced Engineering Simulation 


Simulation capability is evolving faster than ever. 
To capture the value, leaders apply new digital 
engineering methods. 
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Robust Electric Machine and Drive Systems Design Solution in Action: 


Improve Traction Motor Efficiency with Magnetics 
Optimization 







16X Speedup in ANSYS Maxwell DSO on By Dr. Bradley Smith 


1 HPC Architect 
32-Core High-Performance Compute Farm General Motors Corporation 


Doubles Traction Motor Design Productivity 
at General Motors 


Optimizing the design of traction motors used to drive electric vehicles (EVs) and hybrid 
electric vehicles (HEVs) is challenging because automakers have little experience in this area. 
Electromagnetic simulation plays a critical role by evaluating the performance of design 


the torque profile of the machine. In the past, it too 
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Solution: ANSYS electric machine solution with its high performance computing and 
optimization features enabled engineers to explore larger design spaces in same time 
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GM-ANSYS Partnership 


Host Manager: 
One Design 
5000 Variations 
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tools power the modeling 





* Powertrain Integration 
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Modeli ng in advanced lithium-ion 
battery systems for 

electric vehicles. 
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Lucid Motors 
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Two Cooling Mechanisms: 
Water Jacket and Oil Splashing 


1 5096 Glycol, 5096 Water 
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Thermal Analysis: Oil-Transient & CHT 
Simulations 


Oil Transient Simulation: Results (VOF 0.1 Iso-Surface, 0 - 0.5s) 
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Surface Grid (Time=5.0000e-03) 








5G Design Innovation 





5G will become a general purpose technology (GPT)* 


* GPTs can affect an entire economy with potential to 
drastically alter societies and “... unleash cascades of 
complementary innovations...” 







Erik Brynjolfsson 
Director, MIT Center for 
Digital Business 


Gutenberg Printing Press The Internet 


*The 5G Economy, IHS.com | ANSYS. 


Electricity 





Communication systems are critical to loT/Autonomy/Industrials 
5G is the next big tech revolution 


New Applications $582 Billion by 2026 CAGR > 120% 


* Rapid Wireless Growth 

* Similar architecture is used 
for other wireless 
technologies 
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What 5G is about 
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$ Apps beyond imagina 





Water quality 


Utility management 


Public Transp. 


$76 de 
° 10X Lower Latency: Autonomous Vehicles 339 ^. LigBee 


e 10X Device Density: Smart Cities/Factories 


e 10X Faster Data Rates: Mobile Big Data 











Active Phased Array Antenna System 





5G Phased Arrays 





"The 3GPP 5G New Radio 


* Existing networks illuminate all users with the same signal. 


* Beamforming lets the base station direct the signal only to the user 
who needs it, reducing the total power required for same signal. 








Courtesy: ETS-Lindgren ANSYS 


5G Phased Arrays 





The 3GPP 5G New Radio 
o Each user gets their own beam. 
* Massive MIMO supports multiple simultaneous users in same BW. 








SWETS- LINDGREN 





Courtesy: ETS-Lindgren ANSYS 
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5G Phased Arrays and Handoff 


Challenge: Handoff Failure Due to High-gain Handset Proposal: Continuous Scanning Phased Arrays 





http://www.padtinc.com/blog/the-focus/ieee-day-2017-smart-antennas-for-iot-and-5g Courtesy: ETS-Lindgren and PADT ANSYS 
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5G Active Antenna System: Multi-Scale + Multi-Domain 


MIMIC in HFSS 3D Layout 3D EM Simulation of Circulator 





Antenna Element/Array 


3D EM Simulation of Amp Package 





Array Design Methodology 



















e Antenna Element Design 
- Antenna element design 


Single Antenna Element 


- Quickly predict performance when integrated into finite 
array 


- Standalone antenna element, or unit cell (infinite array) 
analysis 


* Finite Array Analysis 


- Analysis of finite array to accurately 
capture all effects 


8 Element Array Panel 


- Edge effects, mutual coupling, active S- 
parameters 
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* Array Platform Integration and 
Performance 
- Real world phased array 


performance including platform 
effects 


Multiple Array 
Panels integrated on 
Platform 





Antenna Performance with Radome 


e Initial antenna design did not include a radome, or additional antenna elements in 
close proximity 


- Using our initial design we can evaluate the impacts as we modify our model to be more 
representative of the real world model 


° Addition of Radome 
- Antenna Detuning 
* Antenna is detuned by about 20MHz 
e Analytic derivatives could be used to quickly re-tune antenna 
- Radiation Pattern 


Radome Impact on Return Lss encrypted comp example! ሕ. 
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Encrypted 3D Components 





Original Antenna Simulation Encrypted Model 

Model F ull fidelity of original model 

e Geometry may contains encapsulated and encrypted 
sensitive IP that may make Visibility of geometry and fields are 
it difficult/undesirable to defined by original model creator 
share with others 3D EM simulation 


Installed Antenna Performance with 
Encrypted Model 
٠ Maintains accuracy and details of 





Original component, but without exposing 
sensitive IP 








Simple Beamforming with Pilot Signal Example 
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Device (Beacon Antenna) 


Device transmits pilot (beacon) signal 
Phased array samples mag and phase of 
known received signal 

* Capture channel state information 
Apply beamforming algorithm to drive 
phased array (including null steering if 
needed) 
Resulting pattern contains all information 
about channel (maybe not just a simple 
beam) 
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54 Hours 


*32 core (2 nodes) 
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Beamforming with No line of sight 


ANSYS 
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Beam develops for alternate 
path due to obstruction 





Large Scale Simulation for 5G (28GHz) Base Station 
Performance 


Physics based simulation of large scale 
environments 


— Shooting Bouncing Ray (SBR) for efficient 
simulation of electrically large environment. 


— Accurate representation of antenna array 
through FEM simulation 
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* Evaluate system performance 
— Antenna Array 
— Site evaluation 
— Beamforming, null steering algorithms 
— Received power at user equipment 
— Base station to base station interference or 
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Single User Beamforming: Received Power 


Adaptive beam for moving UE 


* 64 Element Phased Array Antenna 
— 28GHz, microstrip path elements 


Line of sight and multi-path 
propagation contribute to received 
power 


— Smart antenna system beam steering ۱ ne Nagel 





— UE location ranges from 500 meters to چ‎ 
100 meters from base station 





UE Received Power for Adaptive Antenna Array 


Rece ived Powe r Sub to Array 2cells1 48 
-55.00 


* Power received by UE for path 


along city street 40.0 
* Single user adaptive ፪ 

beamforming, no interference ; 

— Includes multi-path propagation Emo 


— Up to 7 bounces (SBR solution 
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Base Station Handoff 


* Device travels along street in 
dense urban environment 


* UE travels between coverage 
zones of two base stations 


— Observe received power from both 
sites 


٠ Site evaluation 


e Base Station to Base Station 
Interference 
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Base Station Handoff: Received Power and Coverage Zones 


Received Power - Cell Tower Hand-off Sub to Array 2cellsi AÑ 






Received Power (dBm) 
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Base Station 2 


Base stations approximate cell coverage 
zones 


Base Station 
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RFIC Module Design for Sub-6GHz 
Applications 





5G Speeds on a 4G Network 


* According to Skyworks CTO Peter Gammel: 


— One of the fastest ways for mobile operators to implement higher data rates for enhanced 
mobile broadband service is enabling Carrier Aggregation. 







Peter Gammel 
CTO, Skyworks 


Old Method - Schematic-Based Error Prone and Tedious 





Assembly Modeling Automates The Process 





Reduces hands on engineering time 
Eliminate error prone system wiring 
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3D Component Placement 


3D Component Assembly 
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Layout Driven Assembly Automation 
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Data Center Electronics 





How Much Data Processing will a 5G System be 
Required to Handle? 


° By 2022, autonomous Vehicles are estimated to 
use 4TB/day/car (for an average of 1 hour of 
operation) 


5G Usage scenarios 


Enhanced Mobile Broadband 


٠ In 2022, mobile users are estimated to pull and 
average of 25GB/day/person 


٠ By 2023, mobile data traffic is expected to reach 18 









ExaBytes per month in North America. once FW , 
— 1ExaBytes = 1 billion gigabytes. | ጥሽ 
Massive Machine Type Ultra-reliable and Low Latency 


Communications Communications 
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Issues facing new Datacenters 


* Signal Integrity of extremely fast channels — SERDES (25-100Gbps); PAMA (56 
and 112Gbps ) 
— Connectors (high speed electrical and optical) 
— Material issues - Fiber weave, dielectric loss, metal loss 
— More processing needed for Equalization (more Silicon real estate = more 555( 


* Power Integrity 
— Voltage rails on some of these server boards are 0.65V with a 596 tolerance 
— Higher power needs for more data centers 


* Thermal Integrity 
— More power is needed to keep the data centers in operation 


— Thermal stress in components and boards 
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Electrical -^ Thermal — 
Mechanical Reliability 
Assessments 









Slwave provides power map 


Icepak simulates 
Temperature Distribution 


Thermal Stresses 
Evaluated with 
Mechanical 





Simulation provides full 
insight into power delivery 
and product robustness 





Electronics Desktop Includes Thermal 
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Cracking Issues in the Die 


ANSYS Mechanical can be used to predict stresses and deformation in the package during‏ ٭ 


* Flip Chip Attachment 
— Crack Initiation and Crack Growth 
* Thermal Cycling 
— Solder Joint Reliability 
* Shock Analysis 
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Autonomous Vehicles 





Autonomous 
Vehicle 


ANSYS is building the only 
comprehensive 
autonomous vehicles 
simulation solution that 
can accurately test 
millions of driving 
scenarios 
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Simulations Can Utilize Real As Well As Virtual Data 


Real Data 
Sensor inputs recorded by real 
AVs driving on real roads 


Virtual Data 
Virtual vehicles driving 
in virtual worlds 





Example: Simulation Replaying Real Sensor Data Example: Fully Virtual Simulation 


Real Camera Image 


Virtual Camera Image 





Why does ADAS development need Simulation? 


Answer: Because this kind of engineering prototyping and testing is too expensive... 





Component / Detailed simulation 


In-car installation 


In-driving scenario — MIL/SIL/HIL 


Models 





ADAS and Electromagnetic Simulation 


* Hybrid Simulation Approach 


— Using multiple numerical techniques 
to most efficiently solve 





— Full-wave coupled with integral The ADAS Multi-Scale Problem 







equations and shooting bouncing ray == TE — ዉይ ^ 


Wo i 
* High fidelity antenna modeling with 

















efficiency of asymptotic methods - و‎ = 
1 | | 2 3 d T - ~ A ከ لیت‎ n 
— Capability accurately solve realistic ۱ መ. n^  . - | 


ADAS scenarios 





Hybrid FEM-SBR Solutions with HFSS: Radar Antenna Design 
e Install radar in fascia 


— Electrically very large problem 


* Compute far-field patterns for radar array using a hybrid FEM-SBR solution technique 
— High fidelity solution of radar array used as the excitation in SBR solution 
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Dielectric Radome with Metal Grill 





SBR Solution of installed Radar Array 


Radar Installed Performance: HFSS Simulation 










Directivity (dB) 





Scenario: Emergency Braking Event 


* Simulating Medium-Range Radar (MRR) returns 
during a safety braking event 


¢ 2.4 seconds of a braking scenario: 
— 0.6 second of travel at 11.1 m/s 
— 1.8 sec of braking and deceleration to a complete stop 


* Ego vehicle stops at 1.2m behind truck 
— Radar installed on front grille 
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Range [m] 


Range-Doppler Map Progression - Ego Vehicle Interaction 
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Safety Braking Scenario - 0 
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-100 
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Rx Pwr [dBW] 


Initial Vel: 11.11 m/sec 
End Vel: 0 m/s 


Initial sep: 16.7m 
End sep: 1.2m 


Ghost targets appear due to multiple round- 
trip reflections 

Each round-trip bounce exhibits a velocity 
boost from the moving ego vehicle 








WHERE DOES SIMULATION 
GO FROM HERE? 


Pervasive simulation is continuous 
simulation with all physics across 
the entire lifecycle for all products 


DESIGN 


"m 
I 










yASIVE SIMUL 
لیے‎ “ATION Reduce development time 9X while 


warranty costs 89% more likely to 
| decrease 


IDEATION 





MANUFACTURING 


80% of costs locked in early in the 
design phase 





- Reduce weight of part by 25% 
through topology optimization and 
additive manufacturing 


IN PRODUCT 





OPERATIONS 


Reduce time needed to validate | ید‎ ۱ OPERATIO' 
autonomous vehicles from 10,000 | 


years to 2-3 years Increased performance with 10-20% 


reduction in maintenance costs 
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HPC and Cloud 


High Performance Computing (HPC) Enterprise Cloud 
Increased productivity by leveraging modern compute A Single-Tenant Simulation Platform on the 
technologies Public Cloud 


Company-Specific Isolated 
Cloud Resources 
(Virtual Private Cloud) 
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Auto-Scaling 
HPC Cluster 


High- - 
Parallel Storage 





3 





Archive Storage, Backup, 
and Disaster Recovery 


Anytime, Anywhere Web-Based Access 


Closing Thoughts 


* Great products are designed using advanced 
engineering simulation 


* Some insights can only be gained by 
simulation 


* Breakthrough thinking and innovation is 
available to large corporations and small 
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